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PROBLEM TO BE SOLVED: To effectively 
blocking injection of a current to an end 
surface, by performing solid-phase diffusion 
of dopant from a 1II-V compound 
semiconductor layer containing Zn or the 
like of high concentration. 

SOLUTION: An N-type GaAs buffer layer 2, 
an IM-type In0.5(Ga0.3AI0.7)0.5P clad layer 
3, an active region 4, a P-type ln0.5 
(Ga0.3AI0.7)0.5P clad layer 5, a P-type 
In0.5Ga0.5P easy conduction layer 6 and an 
N-type GaAs cap layer 7 are formed in 
order on an N-type GaAs substrate 1 . 
Stripe-shaped Si02 8 is deposited in 
parallel to an end surface of a resonator, 
and the cap layer 7 and the easy 
conduction layer 6 are etched by using the 
Si02 8 as a mask A P-type GaAs layer 9 
doped with Zn is selectively grown and 
annealed, and Zn is diffused to the 
intermediate point of the N-type In0.5 
(Ga0.3AI0.7)0,5P clad layer 3. When the Zn 
concentration of the P-type GaAs layer 9 
is at least 2 x 1018 cm~3 and the thickness 
of the layer is at least 0.2 i m, a window 
region 1 0 which acts excellently can be 
formed. 
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□»fcp£I n 0 . 5 (Ga 0 . 3 Al 0 . 7 ) 0>5 P?5-yFJB 
5^Z n&ijtfgiig 1 0 £Igaj£-t2-£. 
[00 5 3] Cc7)f^ 01 (d) Iz^LtzXoiz. S i 
O 2 8$:B0l^#nMGaAs7^||tU$^f^ 

5/imtf§20 0 nmCOXhyj TtfS i 0 2 1 1 & 
nIGaA s 7«0Xh TVXOfflnfflzM LTS3S-f 

hXoizmfcth. 

[0054] mz, 01(e) IZTjkLtlJ: 0 fc. X h 7 
■i Tt^S i 0 2 1 1 %~?X-7 b LT. nIGaAs7t 
pSI n 0 . 5 Ga c . 5 PiM;g!^Jg6£x>y^>';7'LTJI3l 

[0055] 01(f) iz^LtzJ: oiz. xby 
^7ffiSi0 2 l l£-?X;7Kl.-C. PII n 0 . 5 (Ga 
0.3 A 1 o. 7 > o^P^-yFJf 5£'J v&Xb947Vt' 

\,z&m-&. zojmkkLxa, mm. ij^tbss 

Aim, U y ^*<7)JJ $ 1 . 7juitu 'Jy^fiJI^O. 
2 5jumfc:jgj«$iift. 

[0056] 02(a) IZijkLtlJ: 0 fc. nIG 

aAs ( n = 2x 1 0 18 cm- 3 ) m»il^"a y^®Sr^l 
// m»Wt'J >y ^V>IHlBtoiltl?j£il$-£& . 

[0057]^ 02 (b) IZTjkLKXoiZ. Xh7 
-iirifccns i 0 2 1 lSrxy^y^ciOlXyiaK. 

[00 58] 3£>£. 02 (c) {CSUiaCnlG 
aAs 7Srx-y^-y^tcJ:0]Dtyi^<<Ii:tJ:0, P M 
I n 0 . 5 (Ga 0 . 3 A 1 0 . 7 ) o.sP^^-y -x^ 

xby^T±izii., zn®mm*munt^hpm\ 

n o . 6 G a o . 5 P Jf 6 dJ L fcjg t h . 

[005 9] ^Of^. 02 (d) K^LfciotCpSG 
aAs3y^?hi (p = 2X10 ia cm- 3 ) 13$r3 
yjm^L. PlUtUAuZn/Au 14£Bf& 
L. ndlitLtAuGe/Aul5JMt5. $ 

{iH^^x.y^-y^/jrfc'^^tiO^S'JL. U-if 
[ 0 0 6 0 ] 02 ( e ) Ji. ^litMfcJ: OfmStlX: 

s j: a v— fon&mmiztez. nt&mzx &mm 
m otf&fczixxt3 ] o . ^<oa:±^i. pii n 0 . 5 

Ga 0 . B Pa«8*«6S:7>3-ffcfiSpfflI n 0 . 5 (G 
a».3AI 0 .,) o . 5 P^77 H®5hpSGaAsr7> 

sS^'ilBrSn^. -entc^LT. Znffili^l otly-h 
^'J'/^N^^itd Plln 0 .5 (Ga 0 . 3 Al 
o. 7 ) 0 .5P?57 HJ15i:pSGaAs3y^^h^l 
S^^C+fayO-H^r^'yTX^U^-Jr^OpSl n 
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o.»Ga,. B Pi««B»6a»#*rt-4£i:fcJ:9. «SS 

as. 

[oo6u tmmmizx <o abtv^mmmzsmm 

Hjfcft680 nnTCSNRU 1 5 0mW4TCODO» 

[0062] *HJSCTT(4. «SttflW4tt. 
Jf20fcft#4 Kill 6, 1 9TJBtt$ilTV)£^ ? 

teET&fUf vvf fc.£fflvvt *> i < . MQWJgttJlTJi 

*< #*««SttfrCt» , Z n JSffclCj; 0 Ay H^-V y 7* 

[ 0 0 6 3 ] tfz. *mMsMTte. 3m%.mt6 8 0 n 
mZ'b-itztf. MQWvS14S2 0<0fflit^jai^tR-rS 

#fcr*3 v ^ T t> z n SKftjc i -5 XiB&mWtiirt: <bi>P 

Li&mz LT 2 0 n mfiUitiJaftSfl: L , JSffiKb LT 

[ 0 0 6 4 ] SrtK *gg*WCtt. S i 0 2 
{CZ.n£ 2X 1 0 18 cm-3JJLLK— tJ^LfcpfiGa 

Zn : £pMGaAsJf 9#>*onl!l n 0 . 5 (Ga 0 . 3 A 1 
0.7) t.sPfyy H*3<«ft«t«4tWte^ ZntfciJc 
mil OfcjBffiWfcS i O 2 8C0^PgPtc^-rSM 

i0 2 8<^PgB#?)pS>I n 0 . 5 Ga 0 . 6 Pil* 
^JS6£Xyf-y^LT^*\ £<OJWTOare*o 
TkHLSUSr^. 

[0065] ( mmm 2 > <kc. *®mwm 2 ^mmm 

tcov^rSfiW*. B4»tfB5ML *ffiW(cJ:*af2 

innti. 1 nGaA i p^m^^m 

[00 6 6] #3ltt0«CfcVvCfc, atintt^isitt 
fc. ii\ 04 ( a) iZxkLtiiolz. HB&S3*fflj£ 
I(MOCVD)afc±0. nlGaAsMllt, 
mz-lf S i $rF-t°y^LJtnSGaAsyN' y7rJl 
2, CTi.{fSi2rh'-fy^L^K®l. 7;um<0nS 
I n 0 . 5 (Ga 0 , 3 Alo. 7 ) 0 , 5 P?77 H® (n=3 — 
4X10»cm-3) 3. *S14fgt$4. fflj^lf Z n£ H — 
ty/LfcBWl. 7^p1I n 0 . 5 (Ga 0 . 3 A 1 
o.v) o. 5 P^7>/ KJf (p = 9x 1 0"cnr») 5. M 
X{fZnS-K-t'y^L^)ll?5 0 nmCDpSl n 0 . 5 
Ga 0 . 5 PM®£^JI6, fl^tfSiSrK-try^L* 
1 . 7;um<7)nMGaAs=*^-y7*Jl7£JIII&fl : M 

[0067] zzx-. m&m®4ii. mttfm2 < e ) 



fc^UfcioK. 2 5nmcol n 0 . 5 (Ga,, s A l 
0.5) csP^lit^ KJ116. JHJ¥6. 5nmOIn 
o.6 5 Ga 0 .3 5 P#FJ!l 7k$IW4nm<7)I n 0 . 5 (G 
a 0 . 5 A 1 0.5 ) o.sPliii 1 8fc*^^§MQWvgtt 
120, &tfJB£*2 5 nmfiOI n 0 . 5 (Ga 0 . 5 A 
1 0.5) o. 5 P^2M-f KJgl 9*^^St^fc-rSC 

[0068] ^SfcWiwxBL*:!& 1 OXttPfe 

nfGaAs^t v~?M7 <7)W-<$ £pM7 5 *y K 

-f-fcjftrcft*. #HJ60ijTJi. -mt LT? 7 v KJg9 
fcRLJ£3kLfc. 

[0 06 9] ,T?>flL Hl^SISfeWlfclHiatcLT, ¥33 

^□^SrSfOj;otXh7^7°±OS i 0 2 8£fi&R 
IfJgU^OOnmfcSrSidKi&ilL. £tf>;*b5-f7- 
±c?)S i 0 2 8£-?*7k LT. M*J£'7X>y hX-y^- 
y^SriffcekD. nlGaAs^+7 7-S7fc±^pl 

I n 9 . 5 Ga () . 5 Pjim^*6$rX-y^-y^i-S. 

[0 07 0] «iv^ M4 (b ) CglZrJ:^:, *h 
i 0 2 82rX>yf->^lcJ; 0^*L. MO 
C VDffi*if<0*gJlJ&Bi£fc:.fc 9. ZnJ2xlO» 8 c 
m-3fcUih'-ey^Lfcp3!GaAs«9£)fc£U * 
^Tx-^jna|2rSo^T. ZnSrplGaAsig* 1 
f>nSln i5 (Ga,. 3 Al 0 . 7 ) 0 . 5 P ? 7 -y 3<0 
&*£Tl£Sic$-e&o iCt, Ti<i&L£ffSl§e!feflli:#l 
Sr-SjSti. nMGaAs^^"/r«70±(CtiSiil^ 

ZnSrWtl»pSGaAsJl9* i «l«-t-ScOT\ Zn# 
plGaA sl9ii^nIGaAs J ff -y7°Ji7^t 

[007 1] LfrU pl?7 7 HJB5tfDJRffcOdi«5r< 
k i>*Wl±<7)mmt: nlG aAsJft 77l7*«tL 

!GaAs^7ri7 <0T«B««Stt«R«4 WtZ n Jfcffc 

[0 07 2] *Hifefi?lJO^(i. nIGaAs^77 
A 7 {± p S ^ 5 y H« 5 fc |SI tJK/PS: W LT V \& COT. 

1 0 v zntz^ m 1 <^atwH«t=. z nttiHStt 1 

0*^lRWtC: nlG aAs^7 TM 7<Vfflnmz&f8. 

[0073] *mm<r)®&i> . jittfRW4 *>. Z 
n t£ii®«{ i: nlG a A s ^ ^ y TM 7 TSPOZ n 
iXLT^^rl^iS<7)7^ h;PS^-y-fe>-X (PL)^ft 
(i-J-fL-eil. 630nmt680nmi:^7. mi<T>m 
MMtmmz. Z nltftjlHint 5 0 n m^i^ 

, mmt LT+Mzttm?& z t w*fmv$> 
h, zcot^coc-vrnx-m^.ttz-f *yfc^wmm. 

O/n 7 r ^ ;U t H 3 (c^ Lj^ t <r> t mmcwvmk 
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[0074] *m*mztSVXl», Zn#i£ijrt&&$ 

u mi<?>nmMt±$<m%z>&i£. PiGaAsi 

9frt? nSGaA s =*r-v >yT^7tCZ ntfWMLX L£. 
Offyc. Znffij!fc<?)giR14(2nSGaAs*A'-yTJl9 

mwmwumwx* z n$M<DMiRmm<z 

JI5OJ¥$<0iHK t fc^OhlifiSIT**. 

[00 7 5] »rvt. 04 <c) £j*t,fcJ:3£. pI 
G a A s /I 9 *3 «t IfnlG a A s 7 £x ^y^tC J; *) 
KfcfcU Pffil n 0 . 6 Ga 0 . 8 Pil«gMWi6<OB!O»fc: 
ZnS£gj[^^l 0£Ha}$-£&. 

[00 7 6] 04 (d) tC^Lfcidfc:. ftfg 

»ii$r* 'J y W h 5>f r«r»rtW^< . H*tf 414 . 
5>umT1i$20 0 nmWXh^TtS i 0 2 11 £ 
Pll n 0 . 5 Ga 0 . 5 Pam^Ji6£7)Xh7'f7^c^ 

[0 0 7 7] mz. Q4 (e) tZMLtiXoiZ, Xhy 
^rtSiOjll^X^tU. plIn,. 5 Ga 
0.5 Pil*^®6Sra:-y^y^LTJlX l 9l^< . 

[00 78] <Wc, 04 (f ) iz^LtzXotz. Xb9 
-TTttS iO z 1 lfc^;*?|CtT, Pll n u (Ga 
0.3A 1 0.7) o. 5 P?7-y H15iivf>'/'U i ;7 

1gi&5jum. !J7^I?1. 7jttm, >J -y >-*fi)ffl^ig 
SO. 2 5*imt:3KSt4. 

[00 7 9] 05 (a) l^Lfcidfc. nlG 

aAs (n = 2x 1 0 18 cm-3 ) SS/o-y^IJi'J 7 
i/nmmtzto 1 /* m»BWra9WE*S-B:* . 

[0 0 80] 05 (b ) tC^L^i Xh7 
JTVtS i0 2 1 lfcx./^y^fciOKOBK, 

Pllnj.s (Ga 0 . 3 A I0.7) o. 5 P^7'y HS 
30l> «y isX Y 7 4 T±t*i. ni£fifcgit£ 1 0 £g!?P!HS 
"f 6 P M I n o . 5 G a 0 . 5 P MmM^M 6 ifU&t h . 

[008 1] ^?5fjL 05 (c) ICTSLfciofc:. pI 
GaAs3^^M( P =2Xl0 18 cm-3) 1 3 Sr 
3jum^fi£U pflOimffifcLTAuZn/Au 14£J£ 
j£U nilii UAuGe/Au 1 55rMLt* 

[ 0 0 8 1 ] 05 ( d ) « s ^^SgMtcJ: OffrfcSft*: 

at. *wi«ife:j:r>Tt>, mimmmtmm<7>mmcr> 
[0082] *9ffimtzts^xi>. m&mmte. mq 

Wimm 20 1 KiS4 K/f 1 6 „ 19 T'^fiK^ixT l tfc 
A*, ftgft. 2? 5 •/ KilJ: 0 *> *V y /x^^- 



[0083] JfcSOfcWCfcL 6 8 0 n 

™X'h~>tztf. MQWgttf2 OOfgjtK J; D&JgjfcH 

ti*]»T-£&. i:t> if^^tcfcv^tznfe 

ifcfcJ: - ) TSfii»li^< t, P LJftftfc LT 2 0 n 

[0084] ULh. JlttCTSrSHS? Loo^BjcoHJgo 
JISIIifcoivciJHHLfc. L*>U *^bj(j n -ft^ji 

[0085] W*.«f. Hfflfe£Uc§-y:-l»^*i6!fe|{i. Znt 
EB5t§;trf. CKJOffctct. -e^^^A. <inj*7A, 

[0 086] P^;F«**fflffilfcftS-fr*fcib*> 
&ijR®i:3r6 pSlII-viSi-fk^WIHfffMKojejRJi. 

[0087] *fB*«. tJ»Lfc¥*ttU-ir*> 

t* 1 1 - vMiturm^mimTiztt txmmtz 

[0 088] 

x -/\4>oggv MiM4 Tfisurr set *^rig t ^ s . 

[0089] mz. *HBBt J:itjf . ^fztci^-- f 
HiTJSSiBaJ^il^-e-Ojfi^TZ nffifttCi OvSttllt 

^ ^ y k® ^?FtH B ^t Lm.mm. i&f&tt mz . z n ^is 
^tisifc uzn zzmz-frs-rz u i - vnt^u^ 

ffigPtCC^Z n sr^atc^-w-rs 1 1 1 - V^-ft^^ 

#Jl^^iaLTZn$•S^|S[§-^tTV^<. M3S0lJ<7)ZnO 
SrZnOKi^tCfflV^?,^. Zn<^£SW*a5SS«IS 
*yO^<D*>\ Z n OJtSt«OTx-;M^rafc 

[0 09 0] :mc. Z n<Vtt&l,ZfflLXl±, Zn^ 
fiK^-^rri.III-Vfi|-ft^!||gi^«sJg*^c7)Z nfe^ 
jWB»fc£t, ffe^Z nSr^LT^I.JI*^<7)Znte; 
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* if <o#bi 1 1 - vwkGwmftmttfttfL-t h z t 

[0 0 9 1 ] *mttzMZ. fy-yVmt^y 

hmcojzzz'ov** -vrmtmrnLT . mum. 

hmomzwAL, mtmmmiziiznm&mvK^ffi 
mztz. ztiit. m&<vMimtfLfkiz£*)ftfiL2titi 

^m^mxmmz^tKx , ru^xm^zmmt 
¥r^yx-?^yh^-i,^izmmt^:^^k^ 

[Hi ] *%.mzj:&¥mftu— ?cowjg%mzm?M 

[H2 ] *%*mz£z¥m&v<— r<?>mmjjmzm-m 
®j:nMX'$>&. 

[E3] vx-'^msfrhc-vmizz'owmLM* 



[04 ] *m\iz£h&2<>ytmfois 
m-rms&xmmx'hh . 
[05] *%m\,z£h&2<>ymfo\s 
mt®&xnmx$>z>. 

1 nlGaAsIS 

2 nlGaAsA' 7 7 T | 

3 nil n 0-5 (Ga 03 A 1 0- 7 ) 0 

5 pMI n 0 . 5 (Ga u A 1 0 . 7 ) 0 . 

6 pII n 0 . 5 Ga 0 . 5 Pjl«^/l 

7 niG a A s 3f A* -vTM 

8 Si0 2 7X; 

9 Z n £iSi&gK-£/C*f pS!G a A 

10 Znteftm® 

11 Si 0 2 7X; 

12 nlGaAsffi/D-y;i 

13 plGaAsny^^M 

14 AuZn/Au pfflMfii 

15 AuGe/Au nfflffiHi 

16 I n 0 5 (Ga 05 A 1 0 5 ) 

17 InGaP#FI 

18 I n 9 . 5 ( Ga 0 . 5 A 1 0 .5 ) 
1 9 
20 



I n 



0. 5 



( Ga, 5 A 1 o. 5 ) 



0. 5 



0. 5 
0. 5 



[@i] 



[02] 



2 
1-t 



0 





0 (f)'g 






ft 
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[03] 



[04] 



1.E+19 




1 .E+18 !£ fe=W««r«r« J 

4 



1 2 3 



o- — 



Zn&&m.® (pSD 
ZnfiSgfcMJsE (nSD 
msScfiJiS (p2D 



8s. 
7- 
6 



2-^ 
1-: 



(b)'|^ (e)'g 



6- 



(c) 



10~h 
4- 
3- 

1 



(a)r— ^ (d)l5! 





[05] 




15^ 








3- 
2- 
1- 







^ (d)r 




15^ 



